Abstract-This
INTRODUCTION
In 1999, SG3 adopted a new version of Recommendation ITU-R P.837 in which the old rain zone maps (given in version 1) had been replaced by the Salonen-Baptista double exponential model, [1] . This version of the Recommendation (ITU-R P.837-4) relied on this model and required as input the following meteorological parameters: -M S =mean annual stratiform rainfall amount (mm), -M C =mean annual convective rainfall amount (mm), -P r6 = probability of rainy 6-hours periods (%).
These parameters have been mapped all over the world using 15 years of re-analysis products of the European Centre for Medium-range Weather Forecasts (ECMWF, ERA 15 dataset).
Then, in 2007, Recommendation ITU-R P.837-4 was upgraded to become P.837-5 thanks to the availability of new products generated from Earth observation systems or from Numerical Weather Forecasts. Indeed, a new product has been made available from ECMWF (ERA 40 dataset [2] [3] [4] [5] [6] ), which is a new reanalysis product generated by ECMWF over a longer period by using updated assimilation and forecast procedures and with a better spatial resolution than ERA 15.
The adoption of Rec. ITU-R P.837-5 is the result of an ESA study [7] , in which ECMWF re-analysis products were evaluated with respect to gridded products generated from meteorological observations (such as GHCN, GPCC [8] or GPCP [9] ) and from Earth observation data like TRMM. This comparative analysis showed that ECMWF products, and in particular ERA 40, tend to over-estimate precipitation especially in tropical and equatorial areas.
To overcome this limitation, ERA 40 precipitation fields were calibrated with the above mentioned meteorological gridded products, in order to obtain a more accurate map of mean annual rainfall amount (i.e. the parameter to which the ITU-R P.837-4 model has shown the highest sensitivity). This calibration was performed with respect to GPCC over land and with respect to GPCP over sea. Comparisons with GHCN and TRMM demonstrated the better accuracy obtained with the new calibrated ERA 40 map of mean annual rainfall amount.
Additional work was carried out on the model given in Recommendation ITU-R P.837. As the internal coefficients of this model have been optimized by using input parameters retrieved from ERA 15 [1] , a new set of coefficients was calculated when using new parameters retrieved from ERA40. Taking into account that the fundamentals of the model were still relevant, the model itself had not been questioned and a new optimization was carried out, in order to retrieve new coefficients optimized for the new parameters from ERA 40 (MT, ȕ and Pr6). The combination of optimized coefficients together with new input parameters, allowed the accuracy of the model to be improved from a RMS value of 40 % for the in-force Recommendation ITU-R P.837-4 to a RMS value of 29 % for the new model.
Finally, the impact of the possible use of this proposed model on prediction of rain attenuation and total attenuation was investigated. A testing analysis of the performance of Recommendations ITU-R P.530-11 and P.618-8 using as input P.837-5 instead of P.837-4 was carried out. This analysis show an overall improvement of the performance of these prediction methods, with respect to the experimental statistics contained in Tables I-1 and II-1 of DBSG3 and at the end, the new prediction method (new rain map and new model coefficients) was adopted by ITU-R.
However, even if the accuracy of Rec. ITU-R P.837-5 was better on a worldwide basis than the one of Rec. ITU-R P.837-4, there is still some areas where the previous model 6th European Conference on Antennas and Propagation (EUCAP) 978-1-4577-0919-7/12/$26.00 ©2011 IEEEperforms better. This is the case for instance for UK and part of Norway, where reports about regional testing results have been sent to ITU-R.
The objective of this paper is to recall the improvements brought by Rec. ITU-R P.837-5 with respect to Rec. ITU-R P.837-4. Then test carried out with independent data sources on specific locations (high latitude and coastal areas) . They show a degradation of accuracy of the model with regards to the previous version of the recommendation. Different explanations to this inaccuracy are pointed out afterwards and possible hints to improve this accuracy are lastly discussed.
II. SUMMARY OF THE TESTS PERFORMED ON ITU-R REC P.837-5
Before the adoption of ITU-R Rec P.837-5 by SG-3 extensive comparison with respect to the experimental statistics contained in Tables I-1 and II-1 of DBSG3 have been made [7] ). The model coefficients were regressed against one third of the rain rate database whilst the other two thirds were used to test the appropriateness of the proposed maps and model. The position of the testing sites is illustrated on Figure 1 . 
where p j are fractions of the time ranging from 0.001% to 5% of the time.and R est and R meas are the probability exceeded for a fraction p j of the time from the model and the measurements respectively. The mean, standard deviation and RMS values computed for all the probabilities and all the testing sites are summarized on TABLE I. for ITU-R Rec P.837-4 and Rec ITU-R Rec P.837-5 The lower RMS error provided by the model of Rec ITU-R P.837-5 lead to its adoption. It has been shown to be mainly improving the error figure on a global basis and especially on sites in tropical and equatorial areas.
It has to be noticed that the northernmost site contained in the database is Prague located at 50 o N. And that therefore no data above this latitude were used to optimize the coefficients of the model.
III. AREA SPECIFIC PROBLEMS LINKED TO THE USE OF
ITU-R REC P.837-5
Beyond those comparison made against DBSG-3 database on a global basis, comparison have been made from independent data sources considering dense rain gauges networks over long durations in areas where no data were used un the optimization process of the version 5 of the recommendation. The recommendation has been shown to give systematically larger rainfall rate exceeded 0.01% of the time with regards to the measurements in at least two areas namely, UK and Norway.
A. Rain rate data from UK
After the approval of ITU-R P.837-5 it was noted that in most areas of the UK the 0.01% rainfall rate predicted by the new model had increased by 40% or more compared to the previous model. To investigate this, a study was made using a large database of rain rate measurements made with rapid response rain gauges and held in the British Atmospheric Data Centre (BADC). This dataset consists of tip time measurements to a 1 minute resolution from 53 tipping bucket gauges with on average 8 years of data from each. The locations of the gauges are shown in figure 2. These measurements are in close agreement with the model from ITU-R P.837-4 and also agree well with an earlier study by the University of Bath [10] . For South West Scotland and Northern Ireland (54-56N, 6-8W), where the measurements indicate a 0.01% rain rate range of between 19 to 30mm/hr and where the Bath study results were in the range 24-32mm/h, the new model gives rates of 38 to 53mm/h. This is the wettest region of the UK in terms of total accumulation, but the rain climate here tends towards long periods of light rain rather than short periods of intense rain. While there is always some uncertainty over the maximum rain rate when using this type of integrating rain gauge and noting that the 8 years of measurements are being compared with a 40 year model, the measurement error is not likely to be as large as the differences found. In general the disagreement between measurement and model reduces as the distance from the sea increases as illustrated on Figure 2 . . This is hidden to some extent by the interpolation procedure needed due to the low spatial resolution of the maps used by the model. While most noticeable in the coastal regions of the UK, increases in predicted rain rates also occur in non-coastal areas. For example, for Chilbolton Observatory (51.15N, 1.44W), where there is an extensive data set from many gauges over many years, including data from high resolution drop counting gauges, the long term 0.01% rain rate is 22.5 mm/hr. The new model gives 36mm/hr compared with 26mm/hr from the older model. Figure 3 . shows for 72 stations that both P.837-5 and P.837-4 significantly over predict the observed rate, some stations by more than 100 % if P.837-5 is considered. The overestimation is clearly most significant at the coastal area and reduces apparently with the distance from inland to the western coast, see Figure 4 . . 
IV. TEMPTATIVE EXPLANATION
Different reasons can be considered to explain the observed trends in the rain rate distribution on the considered areas that can be linked to the optimization procedure of the employed model as well as to the maps of meteorological parameters computed from ERA-40 database.
A. Problems linked to the analytical model
The procedure to obtain the rain rate complementary cumulative distribution from ITU-R Rec P.837-5 is derived from the model proposed by [1] for which the coefficient s have been updated to be appropriate for the rain maps derived from ERA-40 database. The expression of the rain rate ccdf is the following The parameter ȕ is the convective over total rain ratio and M T is the mean total yearly rain amount. It has to be noticed that the impact of the parameter Pr 6 is negligible as the term 0.0079M s /Pr 6 is considering the climatic maps much lower than 1. Considering this simplification, it enables to express the mean rain rate when it rains E(R|R>0) as a function of the parameter ȕ A numerical evaluation of this conditional mean rain rate that is an indicator of the average rain magnitude function of ȕ is illustrated on Figure 5 . Figure 5 . Link between the mean rain intensity when it rains Figure 5 shows that even for a value of the parameter ȕ approaching 0, the mean rain rate when it rains is of the order of 1.5 mm/h. This parameters has been shown to be significantly lower than 1 mm/h in a large part of the temperate areas by various climatic studies [11] . As a consequence this average conditional rain rate given by the model over high latitude temperate areas will be in any case higher than the measured one. It results thus in a lower probability of occurrence of low rain rate than the measured ones and higher probability of occurrence of high rain rate going thus in the direction of the comparisons between the model and experimental statistics reported in section III. This trend is likely to be more significant than in the previous version of the model as data from tropical and equatorial areas with high condititional rain rates have been included in the in the reference DBSG-3 database for the optimization process. Therefore the regressed parameters are more adapted to stick to those statistics; and this can be detrimental to climatic area with the converse trend and for which few data were ingested in the optimization.
Nevertheless this issue is not the only cause of the observed inaccuracies and especially cannot explain the strong contrast reported between land and coastal areas.
B. Problems linked to the maps of meteorological
parameters During the update of the recommendation, maps of the parameters ȕ, M T and Pr6 have been produced from the ECMWF ERA-40 reanalysis to parameterize the model. Inaccuracies on the different map may explain the observed inaccuracies the model:
-The map of the parameter Pr6 not likely to be the cause of the problem as the impact of this parameter on the overall result is extremely low has shown by (4) -The map of the parameter M T that gives the mean yearly rain amount has been shown after calibration in [7] to compare with a limited error against worldwide dense gauge network (yearly accumulation). If the resolution of the produced maps 1.125 o is still too large to account for all the climatological features induced for instance by the orography, the resulting error on rain rate ccdf should be low.
-The map of the parameter ȕ that represents the ratio between convective over total rain is more likely to introduce inaccuracies in the modeling. As demonstrated by (5) the impact of this parameter on the ccdf is directly linked to the strength of the rain intensity. The meaning of this parameter is in the input database as the convective stratiform rain distinction is made on the basis of two separated physical processes that are not directly related to rain intensity (5) . Even if intuitively a link should exist between those two interpretations, it should't be bijective as on Figure 5 . Considering ERA-40 database, the value of this parameter is extremely high over oceanic areas leading thus to a significant increase of the probability of occurrence of high rainfall rate over oceanic areas and by extension to coastal areas due to the interpolation procedure. This increase is however clearly infirmed by recent studies were from spaceborn radar it is shown [12] that the high rain rates tends to be less frequent over water bodies than over land. Therefore combined to the fact that the model is intrinsically unable conditional rain rate lower than 1.5mm/h, it can be assumed that the main cause of the reported errors is due to the use in the model of this ratio between convective rain and total rain that has been given a misleading interpretation and whose experimental characterization is furthermore impossible. Previous tests [13] assuming empirical area averaged values and giving better results than with the use of the ERA-40 maps tend to confirm this hypothesis.
V. CONCLUSION (TBC)
This paper aimed at summarizing the testing activity carried out to standardize the statistical model of rain rate currently in force in Rec. ITU-R P.837-5. This model was shown to increase the accuracy of the rainfall rate CCDF model considering datasets available in the ITU-R DBSG3 (Table IV-1) database and especially for tropical and equatorial areas. As a counterpart, the model tends to be less accurate on areas where few data were available to run the optimization process, especially at high latitude in temperate areas. In addition to this lack of data on which the optimization was run, different possible sources of error were identified, related to the model itself and also to the meteorological parameters considered in the modelling. Different possibilities should be considered for improving the model. The extension of DBSG-3 Table IV-1 with rain rate statistics collected over long durations, with as many diversity in terms of climatic areas as possible, could avoid systematic biases stressed in section III.
The creation of a land sea mask to avoid issues linked to coastal effects could provide a short term solution to the observed biases but this would not be a satisfactorily solution as Ka band Satcom systems devoted to maritime areas are foreseen. Therefore it is of interest to get reasonable models of rain rate CCDF even over the oceans.
Lastly, improvement of those kinds of model could be done thanks to the inclusion in the models of parameters that can be experimentally measured. The use of parameters internal to Numerical Weather Forecast (NWF) models that can not be quantified by other mean has been shown to be one of the major weakness of the current version of Rec. ITU-R P.837. The use of data from NWF models is nonetheless extremely valuable as it provide a reasonable mean to extrapolate model's parameter in areas were no observation is available. A possible way of improvement could be to include parameters derived from those models that could be characterized in the vicinity of sites were reference data were collected, such as: temperature (profile or at ground level) or convective available potential energy (available through radiosoundings). It would therefore enable to parameterize and test the model with parameters collected concurrently or in the same geographical areas as the reference data, and to extend the parameterization of the model at a global scale using NWF data.
